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(57) ABSTRACT

A method for forming separate narrow lines is described. A
target layer is formed over a substrate. Base patterns are
formed over the target layer. Target line patterns and connec-
tion patterns between the ends of the target line patterns are
formed as spacers on the sidewalls of the base patterns. The
base patterns are removed. The target line patterns and the
connection patterns are transferred to the target layer to form
target lines and connection segments between the ends of the
target lines. At least a portion of each connection segment is
removed to disconnect the target lines while other area of the
substrate is subjected to a patterned removal treatment.
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1
METHOD FOR FORMING SEPARATE
NARROW LINES, METHOD FOR
FABRICATING MEMORY STRUCTURE, AND
PRODUCT THEREOF

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates to an integrated circuit (IC) process,
and particularly to a method for forming separate narrow
lines, a method for fabricating a memory structure based on
the former method, and a memory structure fabricated based
on the methods.

2. Description of Related Art

The resolution in a photolithography process depends on
the wavelength of the exposure light, the numerical aperture
(NA) of the optical system and the design of the photomask,
and therefore has a certain limit. When the resolution required
by target patterns exceeds the lithographic resolution, for
example, in a case of forming the gate line array of a high-
density memory like a high-density flash memory, a pitch
reduction method is needed, which may be based on the
spacer forming technique.

For example, separate narrow lines beyond the lithographic
resolution may be formed using the so-called self-aligned
double patterning (SADP) technique. After a target layer is
formed, base line patterns are defined over the same by lithog-
raphy. Spacers of a smaller width/pitch are formed on the
sidewalls of the base line patterns as target line patterns and
connection patterns therebetween, and then the base line pat-
terns are removed. Each connection pattern is partially or
entirely removed using a specific lithographically defined
mask layer to disconnect the target line patterns, and then the
disconnected target line patterns are transferred.

Accordingly, the method is tedious as requiring two litho-
graphic processes.

SUMMARY OF THE INVENTION

In view of the foregoing, this invention provides a method
for forming separate narrow lines.

This invention also provides a method for fabricating a
memory structure, which is an embodiment of the above
method of this invention.

This invention also provides a memory structure fabricated
using the method.

The method for forming separate narrow lines of this
invention is as follows. A target layer is formed over a sub-
strate. Base patterns are formed over the target layer.

Target line patterns and connection patterns between the
ends thereof are formed as spacers on the sidewalls of the base
patterns. The base patterns are removed. The target line pat-
terns and the connection patterns are transferred to the target
layer to form target lines and connection segments between
the ends of the target lines. At least a portion of each connec-
tion segment is removed to disconnect the target lines while
other area of the substrate is subjected to a patterned removal
treatment.

In an embodiment of the method, the base patterns include
a plurality of base line patterns substantially parallel with
each other, and may further include a plurality of base lateral
patterns at a part of the ends of the base line patterns. When
the target layer includes a conductive layer and the base
lateral patterns has a width/pitch greater than that of the base
line patterns, each connection segment transferred from the
connection patterns previously formed on sidewalls of the
base lateral patterns may be removed by only a portion
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2

thereof so that the remaining portions thereof can be used to
connect with the contact plugs for biasing the corresponding
target lines.

The method for fabricating a memory structure of this
invention is described as follows. The memory structure
includes a cell area and a word line contact area on a substrate.
A buried drain insulator is formed at least in the cell area. A
conductive layer is formed over the substrate. A plurality of
substantially parallel word line patterns, together with a plu-
rality of connection patterns between the ends of the word line
patterns in the word line contact area, are formed through a
pitch reduction process. The word line patterns and the con-
nection patterns are transferred to the conductive layer to
form a plurality of word lines, and a plurality of connection
segments between the ends of the word lines in the word line
contact area. A portion of the substrate in the cell area not
covered by the buried drain insulator is removed to form
trenches in the substrate, and at least a portion of each con-
nection segment in the word line contact area is simulta-
neously removed to disconnect the word lines.

In an embodiment, the buried drain insulator is formed
only in the cell area.

In another embodiment, the buried drain insulator is
formed also in the word line contact area, at least at a plurality
of positions that will be under the to-be-removed portions of
the connection segments. In the word line contact area, the
buried drain insulator may include a plurality of insulator
islands only at the positions, or include a contiguous insulator
layer in a contiguous region including the positions.

In addition, both removals in the above method may use a
patterned mask layer that has, in the word line contact area, a
plurality of separate openings exposing the to-be-removed
portions of the connection segments, or a contiguous opening
exposing the to-be-removed portions of the connection seg-
ments.

The memory structure of this invention includes: a sub-
strate having a cell area and a word line contact area, a
plurality of buried drains in the substrate in the cell area, a
buried drain insulator on the buried drains and also in the
word line contact area, a plurality of word lines crossing over
the buried drain insulator in the cell area and extending to the
word line contact area, and a plurality of lateral extension
lines disposed at ends of the word lines in the word line
contact area and arranged in pairs. The buried drain insulator
in the word line contact area is at least between each pair of
lateral extension lines.

In the method of this invention, because the connection
patterns formed together with the narrow target line patterns
are not cut using a specific lithographically defined mask
layer but the connection segments transferred from the con-
nection patterns are cut while other area of the substrate is
subjected to a patterned removal treatment, i.e., the cutting of
the connection patterns is integrated with the patterning in
other area of the substrate, one lithography process is saved as
compared to the conventional SADP process.

In order to make the aforementioned and other objects,
features and advantages of this invention comprehensible, a
preferred embodiment accompanied with figures is described
in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-9 illustrate a method for fabricating a memory
structure according to a first embodiment of this invention,
wherein some figures include sub-figures (a, b . . . ) illustrat-
ing different views ofthe structure with indication of the types
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of the views, and FIGS. 8 and 9 also illustrate a memory
structure according to the first embodiment.

FIGS. 10-12 illustrate certain steps in a method for fabri-
cating a memory structure according to a second embodiment
of this invention.

FIG. 13 illustrates the distribution of the buried drain insu-
lator in the fabrication method or structure according to a
third embodiment of this invention.

FIG. 14 illustrates the patterned mask layer used in the
fabrication method according to a fourth embodiment of this
invention.

DESCRIPTION OF EMBODIMENTS

This invention is further explained with the following
embodiments, which are not intended to limit the scope of this
invention. For example, although a non-volatile memory
structure and its fabrication process are taken as examples in
the embodiments, the method for forming separate narrow
lines of this invention may alternatively be applied to form
narrow conductive lines of non-memory elements, or even
non-conductive narrow lines, beyond the lithographic reso-
lution.

Moreover, although each base pattern has a line shape in
these embodiments, the base pattern may alternatively have
any other shape, as long as the spacer formed on its sidewall
later is narrow enough to be target line patterns and connec-
tion patterns.

<First Embodiment>

FIGS. 1-9 illustrate a method for fabricating a memory
structure according to a first embodiment of this invention,
wherein some figures include sub-figures (a, b . . . ) illustrat-
ing different views ofthe structure with indication of the types
of the views.

Referring to FIG. 1 that includes a top view (a) and X1-X1'
cross-sectional view (b), a substrate 100, such as a lightly
doped single-crystal silicon substrate, is provided, including
a cell area 12 and a word line contact area 14. An isolation
structure 102, such as a shallow trench isolation (STI) struc-
ture, has been formed in the substrate 100 in the word line
contact area 14. The isolation structure 102 is also formed in
other areas such as the periphery area (not shown), as known
in related art.

A charge trapping structure 104, which may be an ONO
composite including bottom silicon oxide, trapping silicon
nitride and top silicon oxide that are stacked in sequence, is
formed on the substrate 100 in the cell area 12. A conductive
layer 106 such as a doped poly-Si layer is formed, and then a
patterned hard mask layer 108 is formed over the conductive
layer 106. The hard mask layer 108 may include silicon
nitride, and is usually deposited after a pad oxide layer 110 is
formed.

The patterned hard mask layer 108 has therein openings
112a, 1125 and 112¢ for defining the buried drains and the
buried drain insulator that will be formed later. The openings
112a are in the cell area 12, defining the portion of the buried
drain oxide that will be crossed over by the word lines defined
later by word line patterns (128a, shown in dotted lines as
having not been formed). The openings 1126 and 112¢ are in
the word line contact area 14, defining portions of the buried
drain oxide that will be under the to-be-removed portions of
the connection segments defined later by the connection pat-
terns (1285 and 128¢, not formed yet) between the ends of the
word line patterns 128a. The connection patterns 1285 have a
larger pitch than the word line patterns 128a, defining the
lateral extension lines at the ends of the word lines connected
to the contact pads and plugs. The connection patterns 128¢
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4

define the connection segments at the ends of the work lines
not connected to contact pads and plugs, and these connection
segments are usually entirely removed.

Referring to FIGS. 1-2, the conductive layer 106 is pat-
terned using the patterned hard mask layer 108 as a mask to
form a precursor layer 1064 of both the gates of the memory
cells in the cell area 12 and lower parts of the connection lines
and contact pads in the word line contact area 14, with open-
ings 114 therein corresponding to the openings 112a, 1125
and 112¢ in the patterned hard mask layer 108 in the cell area
112 and the word line contact area 14. Buried drains 116 are
than formed in the substrate 100 exposed in the openings 114
in the cell area 12, usually through ion implantation. An
insulating material, such as silicon dioxide, is then filled in the
trenches 114 and the openings in the patterned hard mask
layer 108.

Referring to FIGS. 2-3, the insulating material outside of
the openings 114, the patterned hard mask layer 108 and the
pad oxide 110 are removed to form a buried drain insulator
118a+b+c. As mentioned above, the buried drain insulator
118a in the cell area 12 will be crossed over by the word lines.
The buried drain insulator 1185 in the word line contact area
14 is formed in the form of separate islands, and will be under
the to-be-removed portions of the connection segments at the
ends of the word lines that will be connected to contact plugs.
The buried drain insulator 118¢ in the word line contact area
14 will be under the connection segments at the ends of the
word lines that will not be connected to contact plugs.

Then, another conductive layer 120, another hard mask
layer 122, an anti-reflection coating (ARC) 124 and a photo-
resist layer 126 are sequentially formed over the precursor
layer 106a and the buried drain insulator 118a+b+c. The
conductive layer 120 may include the same material of the
conductive layer 106, such as doped poly-Si. The hard mask
layer 122 may be a composite hard mask including a silicon
oxide layer and a poly-Si layer thereon. The ARC 124 may
include a BARC.

Referring to FIG. 4 that includes a top view (a), X1-X1'
cross-sectional view (b) and Y1-Y1' cross-sectional view (c),
the photoresist 126 is lithographically patterned into substan-
tially parallel base line patterns 126a for defining the word
lines later, and base lateral patterns 1265 for defining the
connection segments for connecting the word lines to the
contact plugs. Then, word line patterns 1284 and connection
patterns 1285 and 128¢ are formed as spacers on the sidewalls
of the base line patterns 1264 and the base lateral patterns
1264, possibly by depositing a substantially conformal mate-
rial layer and then anisotropically etching the same, wherein
the material layer may include low-temperature oxide (LTO).

As mentioned above, the connection patterns 1285 in the
word line contact area 14 have a greater pitch as compared to
the word line patterns 128a in the cell area 12, and define the
lateral extension lines at the ends of the word lines for con-
necting with the contact plugs. The connection patterns 128¢
define the connection segments at the ends of the work lines
not connected to contact plugs, which are usually all
removed.

Referring to FIG. 5, a plurality of contact pad patterns 130
is lithographically defined, which usually includes a photo-
resist material. Each contact pad pattern 130 crosses over a
half of a connection pattern 1285 that defines a lateral exten-
sion line for connecting the corresponding word line to its
contact pad and its contact plug.

Referring to FIG. 5 and FIG. 6 that shows a top view (a),
X1-X1' cross-sectional view (b), Y1-Y1' cross-sectional view
(c), Y2-Y?2' cross-sectional view (d), X2-X2' cross-sectional
view (e) and X3-X3' cross-sectional view (f), the word line
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patterns 128a, the connection patterns 1285 and 128¢, and the
contact pad patterns 130 are then transferred to the conductive
layer 120 and the precursor layer 106a to form word lines
120a and gates 1065 of the memory cells (see (¢) and (e)),
connection segments 106¢+1205 (see (b) and (d)) and 120c¢,
and contact pads 1204. It is noted that the portion of each
connection segment on the buried drain insulator 1185
includes only a portion of the layer 1205 but no portion of the
layer 106¢ (see (b) and (d)), and is a part of or includes the
to-be-removed portion of the connection segment. The
X3-X3' cross-sectional view (f) is provided for clear descrip-
tion of the subsequent process.

Referring to FIG. 7, an oxide liner 140 is formed all over
the substrate 100, for blocking silicide formation in a salicide
process for the MOS transistors in the periphery area (not
shown).

Referring to FIG. 8 that shows a top view (a) and Y2-Y?2'
cross-sectional view (b), a patterned photoresist layer 144 is
formed over the above resulting structure, having therein
openings 146a, 1465 and 146¢. The openings 1464 are in the
cell area 12, exposing the substrate 100 and the buried drain
insulator 118a between the 2”-line sets (n=3 in the figure) of
the word lines 120a. The openings 1465 and 146¢ are in the
word line contact area 14. Each opening 1465 exposes a
to-be-removed portion of a connection segment 1206
(mostly) on the buried drain insulator 1185 between the for-
contact ends of two word lines 120a. The opening 146¢
exposes the entirety of each connection segment 120c¢
between the not-for-contact ends of the word lines 120a.

As being viewed from the direction of the word lines 120a,
the width W, of the opening 1465 may be larger than the
width W, of the buried drain insulator 1185 as shown in the
figure. W, may alternatively be equal to or smaller than W,.

Referring to FIG. 8 and FIG. 9 that shows X3-X3' cross-
sectional view (a) and the Y2-Y?2' cross-sectional view (b),
anisotropic etching is performed with the patterned photore-
sist layer 144 as a mask, wherein the exposed portion of the
oxide liner 140 is made into spacers 140a on the sidewalls of
the buried drain insulator 118a, a plurality of trenches 150 are
formed in the cell area 12 in the substrate 100 between the
buried drains 116 and not covered by the buried drain insu-
lator 1184 and the spacers 140a, and each connection seg-
ment 1204 is removed by a portion thereofto be cut apart and
form the upper parts 120e of the two lateral extension lines
160c+120e of the corresponding two word lines 120a. The
anisotropic etching may be stopped on the buried drain insu-
lator 1185 to just cut apart the connection segment 1205, and
may be continued to further remove the exposed portion of the
conductive layer 106¢, as shown in the figure.

The next step may be filling the trenches 150 with an
insulator, such as silicon oxide, to reduce the interference
between the bit line contacts 152 formed later on buried
drains 116. This step is known in the art and hence not shown
in the drawings. Before this step, a dopant with a conductivity
type opposite to that of the buried drains 116 may be doped in
the substrate 100 around the trenches 150. By doing so, the
interference between the bit line contacts 152 can be further
reduced. The part of the above process occurring in the cell
area 12, which includes forming the trenches 150 in the
substrate 100 between the buried drains 116 and filling the
trenches 150 with an insulating material, is usually called a
self-aligned trench (SAT) process in related art.

FIGS. 8-9 also illustrate a memory structure according to
the first embodiment. The memory structure includes: a sub-
strate 100 having a cell area 12 and a word line contact area
14, a plurality of buried drains 116 in the substrate 100 in the
cell area 12, a buried drain insulator 118a+b+c on the buried
drains 116 in the cell area 12 and also on the isolation layer
102 in the word line contact area 14, a plurality of word lines
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120a crossing over the buried drain insulator 118« in the cell
area 12 and extending to the word line contact area 14, and a
plurality of lateral extension lines 106¢+120e disposed at the
ends of the word lines 1204 in the word line contact area 14
and arranged in pairs.

The portions of the buried drain insulator in the word line
contact area 14 includes the portions 1185 between each pair
of lateral extension lines 106¢+120e, and the portion 118¢
beside the not-for-contact ends of the word lines 120a.

<Second Embodiment>

FIGS. 10-12 illustrate some steps in a method for fabricat-
ing a memory structure according to a second embodiment of
this invention.

The second embodiment is different from the first one
mainly in that the buried drain insulator (118a) is formed only
on the substrate 100 in the cell area 12 but not in the word line
contact area 14, as shown in FIG. 10. As a result, after the
word line patterns, the connection patterns and the contact
pad patterns are transferred, the to-be-removed portion of
each connection segment in the word line contact area 14
includes a portion of the conductive layer 1206 defined from
the conductive layer 120 and a portion of the conductive layer
106¢' defined from the conductive layer 106, as shown in FIG.
11 as Y2-Y?2' cross-sectional view (refer to FIGS. 6 and 8 for
the location of Y2-Y2").

The resulting structure after the cutting of the connection
segments 106¢'+1205 is shown in FIG. 12, wherein each
connection segment 106¢'+1205 is cut into two lateral exten-
sion lines 1064+120e of two word lines 120a. Because the
thickness of'the stack of the conductive layers 1205 and 106¢'
required to be cut is larger that of the conductive layer 1205
cut in the case with the buried drain insulator as etching stop
in the first embodiment, the trenches formed in the substrate
100 in the cell area 12 simultaneously with the cutting are
deeper than those formed in the case with the buried drain
insulator as etching stop in the first embodiment.

<Third Embodiment>

The third embodiment is different from the first embodi-
ment mainly in that the buried drain insulator that will be
under the to-be-removed portions of the connection segments
at the for-contact ends of the word lines is formed as a con-
tiguous layer 1184' instead of islands, as shown in FIG. 13 in
comparison with FIG. 1 that shows the mask patterns 112a,
1126 and 112¢ defining the buried drain insulator to be
formed in the first embodiment.

Moreover, the contiguous layer 1185' may be contiguous
with the buried drain insulator 118¢ that will be under the
to-be-removed connection segments at the not-for-contact
ends of the word lines, as shown in FIG. 13.

<Fourth Embodiment>

Referring to FIG. 14, the fourth embodiment is different
from the first one in that in the photoresist layer 144 for trench
formation in the substrate 100 in the cell area 12 and cutting
of the connection segments, a contiguous opening 1465',
instead of separate openings (1465 in FIG. 8), is formed to
expose the to-be-removed portions of the connection seg-
ments 106c+1205 at the for-contact ends of the word lines
120a.

Moreover, the contiguous opening 1465' may be contigu-
ous with the opening 146¢ that exposes the to-be-removed
connection segments 120¢ at the not-for-contact ends of the
word lines 120a, as shown in FIG. 14.

<Additional Embodiments>

In the above embodiments, the buried drain insulator
design as shown in FIG. 1, 10 or 13 is applied in combination
with the mask opening pattern design as shown in FIG. 8, or
the buried drain insulator design as shown in FIG. 6 is applied
in combination with the mask opening pattern design as
shown in FIG. 14. Nevertheless, it is also possible to apply the
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buried drain insulator design as shown in FIG. 10 or 13 in
combination with the mask opening pattern design as shown
in FIG. 14.

In the above embodiments, since the connection patterns
formed together with the word line patterns are not cut using
a specific lithographically defined mask layer but the connec-
tion segments transferred from the connection patterns are cut
while an SAT process is done to the substrate in the cell area,
i.e., the cutting of the connection patterns is integrated with
the existing SAT process, one lithography process is saved as
compared to the conventional SADP process.

This invention has been disclosed above in the preferred
embodiments, but is not limited to those. It is known to
persons skilled in the art that some modifications and inno-
vations may be made without departing from the spirit and
scope of this invention. Hence, the scope of this invention
should be defined by the following claims.

What is claimed is:

1. A method for forming separate narrow lines, comprising:

forming a target layer over a substrate;

forming a plurality of base patterns over the target layer;

forming, as spacers on sidewalls of the base patterns, a

plurality of target line patterns and a plurality of connec-
tion patterns between ends of the target line patterns;
removing the base patterns;

transferring the target line patterns and the connection

patterns to the target layer to form a plurality of target
lines, and a plurality of connection segments between
ends of the target lines; and

removing at least a portion of each connection segment to

disconnect the target lines while other area of the sub-
strate is subjected to a patterned removal treatment.
2. The method of claim 1, wherein the target layer com-
prises a conductive layer and the target lines comprise a
plurality of conductive lines.
3. The method of claim 1, wherein the base patterns include
a plurality of base line patterns substantially parallel with
each other.
4. The method of claim 3, wherein
the base patterns further include a plurality of base lateral
patterns at a part of ends of the base line patterns, and

the connection patterns are formed on sidewalls of the base
lateral patterns and also on sidewalls of ends of the base
line patterns without the base lateral patterns.

5. The method of claim 4, wherein

the target layer comprises a conductive layer,

the target lines comprise a plurality of conductive lines,

each of the connection segments transferred from the con-

nection patterns previously formed on the sidewalls of
the base lateral patterns is removed by only a portion
thereof, and

each of the connection segments transferred from the con-

nection patterns previously formed on the sidewalls of
the ends of the base line patterns without the base lateral
patterns is entirely removed.
6. The method of claim 5, further comprising:
forming a plurality of contact pad patterns over the target
layer after the base patterns are removed but before the
target line patterns and the connection patterns are trans-
ferred to the target layer, wherein each of the contact pad
pattern crosses over a connection pattern previously
formed on the sidewall of a base lateral pattern; and

transferring the contact pad patterns to the target layer to
form contact pads while the target line patterns and the
connection patterns are transferred.

7. The method of claim 5, wherein the conductive lines
comprise a plurality of word lines of a memory array.
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8. A method for fabricating a memory structure including a
cell area and a word line contact area on a substrate, compris-
ing:

forming a buried drain insulator at least in the cell area;

forming a conductive layer over the substrate;

forming, through a pitch reduction process, a plurality of
substantially parallel word line patterns, and a plurality
of connection patterns between ends of the word line
patterns in the word line contact area;

transferring the word line patterns and the connection pat-
terns to the conductive layer to form a plurality of word
lines, and a plurality of connection segments between
ends of the word lines in the word line contact area; and

removing a portion of the substrate in the cell area not
covered by the buried drain insulator to form a plurality
of trenches in the substrate, and simultaneously remov-
ing at least a portion of each connection segment in the
word line contact area to disconnect the word lines.

9. The method of claim 8, wherein the buried drain insula-
tor is formed only in the cell area.

10. The method of claim 8, wherein the buried drain insu-
lator is formed also in the word line contact area, at least at a
plurality of positions that will be under the to-be-removed
portions of the connection segments.

11. The method of claim 10, wherein in the word line
contact area, the buried drain insulator is formed as a plurality
of islands only at the positions.

12. The method of claim 10, wherein in the word line
contact area, the buried drain insulator is formed as a con-
tiguous layer in a contiguous region including the positions.

13. The method of claim 8, wherein both removals use a
patterned mask layer that has, in the word line contact area, a
plurality of separate openings exposing the to-be- removed
portions of the connection segments.

14. The method of claim 8, wherein both removals use a
patterned mask layer that has, in the word line contact area, a
contiguous opening exposing the to-be-removed portions of
the connection segments.

15. The method of claim 8, further comprising:

forming a plurality of contact pad patterns over the con-
ductive layer after the word line patterns and the con-
nection patterns are formed but before the word line
patterns and the connection patterns are transferred,
wherein each of the contact pad patterns crosses over a
connection pattern; and

transferring the contact pad patterns to the conductive layer
to form a plurality of contact pads while the word line
patterns and the connection patterns are transferred.

16. The method of claim 8, wherein the pitch reduction
process comprises:

forming, over the conductive layer, a plurality of substan-
tially parallel base line patterns, and a plurality of base
lateral patterns at ends of the base line patterns in the
word line contact area, wherein the base lateral patterns
has a width/pitch greater than a width/pitch of the base
line patterns;

forming, as spacers on sidewalls of the base line patterns
and the base lateral patterns, the plurality of word line
patterns and the plurality of connection patterns; and

removing the base line patterns and the base lateral pat-
terns.



